Recent studies have shown that blood glutamate grabbing is an effective strategy to reduce the excitotoxic effect of extracellular glutamate released during ischemic brain injury. The purpose of the study was to investigate the effect of two of the most efficient blood glutamate grabbers (oxaloacetate and recombinant glutamate oxaloacetate transaminase 1: rGOT1) in a rat model of intracerebral hemorrhage (ICH). Intracerebral hemorrhage was produced by injecting collagenase into the basal ganglia. Three treatment groups were developed: a control group treated with saline, a group treated with oxaloacetate, and a final group treated with human rGOT1. Treatments were given 1 hour after hemorrhage. Hematoma volume (analyzed by magnetic resonance imaging (MRI)), neurologic deficit, and blood glutamate and GOT levels were quantified over a period of 14 days after surgery. The results observed showed that the treatments used induced a significant reduction of blood glutamate levels; however, they did not reduce the hematoma, nor did they improve the neurologic deficit. In the present experimental study, we have shown that this novel therapeutic strategy is not effective in case of ICH pathology. More importantly, these findings suggest that blood glutamate grabbers are a safe treatment modality that can be given in cases of suspected ischemic stroke without previous neuroimaging.
INTRODUCTION
Intracerebral hemorrhage (ICH) represents approximately 15% of all strokes; moreover, the incidence of ICH is expected to grow, given the increase in the use of anticoagulants and aging of the population. 1 It is a type of acute stroke characterized by extravasation of blood into the brain parenchyma and formation of hematoma. Hematoma produces primary damage because of the toxic effect of thrombin, a mass effect due to the extravasated blood that compresses the surrounding brain tissue; sometimes, this damage is also enhanced by rebleeding. Primary damage is followed by a secondary damage mainly characterized by edema formation, tissular ischemia, and glutamate excitotoxicity. 2 Depending on the underlying cause of bleeding, ICH originates from the spontaneous rupture of small arteries or arterioles damaged because of two major factors: hypertensive arteriolosclerosis and amyloid angiopathy, which accounts for 78% to 88% of cases. Other cases of ICH occur in a minority of patients in association with coagulopathy, brain tumors, aneurysms, vascular anomalies, and thrombolytic treatment of ischemic stroke (reviewed in Wang and Dore 1 ). Treatment for ICH is primarily supportive, and the clinical outcome is poor with potential extensive burden for the caretakers. Early administration of hemostatic agents, meticulous blood pressure control, and early surgical evacuation and catheter hematoma aspiration have also been used to limit hematoma expansion. 3 Therefore, to improve the clinical outcome of ICH and better understand its pathogenesis, induced brain injury is in high demand. 1 Several lines of evidence suggest that glutamate is involved in the secondary damage of ICH. Thus, transient elevation of the extracellular concentration of glutamate in the perihematomal region was shown in animal models of ICH induced by means of injection of autologous blood or collagenase into the basal ganglia. 4 We have also previously described in clinical observational studies that high levels of blood glutamate were associated with the outcome of ICH. 5, 6 In addition, the effect of memantine, a blocker of the N-methyl-D-aspartate (NMDA) glutamate receptor, was investigated in an ICH collagenase-injection rat model as a protective drug. Administration of memantine, after induction of ICH, reduced hemorrhagic volume, apoptotic cell death, and neutrophil infiltration, decreased the number of microglia/macrophages in the periphery of hematoma, and improved the neurologic deficit, [7] [8] [9] [10] [11] [12] confirming the critical role of glutamate in this pathology.
Nowadays, the concept of blood glutamate grabbing has been presented as a novel and attractive protecting strategy to reduce the excitotoxic effect of extracellular glutamate in the brain. This mechanism is based on the administration of oxaloacetate or recombinant glutamate oxaloacetate transaminase 1 (rGOT1), which leads to a metabolization and reduction of glutamate in blood and a subsequent lowering of glutamate in the cerebral parenchyma (see Campos et al 13 and Teichberg et al 14 for review). The protective efficacy of this strategy has been widely shown by independent laboratories in different types of ischemic animal models, [15] [16] [17] [18] [19] [20] and it has also been tested in other pathologies associated with brain glutamate increase, such as traumatic brain injury, 21, 22 subarachnoid hemorrhage, 23, 24 or glioma, 25 with successful results. However, the use of blood glutamate grabbers has never been tested in an ICH model.
Due to the critical role of glutamate in the ICH outcome, the aim of this study was to determinate whether blood glutamate reduction by oxaloacetate or rGOT1 can reduce the hemorrhagic damage in a rat model of ICH induced through the intraparenchymal injection of collagenase.
MATERIALS AND METHODS Animals
The animal experiments were conducted in accordance with the recommendations of the European Convention for the Protection of Vertebrate Animals used for Experimentation and the current ARRIVE guidelines (http://www.nc3rs.org/ARRIVE). Experiments were approved by the Galician Network Committee for Ethics Research following the Spanish and European Union (EU) rules (86/609/CEE, 2003/65/CE, 2010/63/EU, RD 1201/2005 and RD53/2013).
Male Sprague-Dawley rats weighing between 300 and 350 g (10 to 12 weeks old) were used for this study. Rats were given water and were fed ad libitum. Anesthesia was induced with sevoflurane (5% to 6% for induction and 3% to 4% for maintenance) evaporated in an oxygen-air mixture (30%:70%). Throughout the experimental period, rectal temperature was maintained at 37 ± 0.5°C by means of an electronic thermostat-controlled warming blanket. Body temperature was maintained until animals completely recovered from anesthesia and displayed normal motor activity.
Surgical Procedures
For the ICH model, we used one of the most common ICH models that involve the intraparenchymal injection of bacterial collagenase. Collagenase disrupts the basal lamina of blood vessels, which leads to the leaking of blood into the surrounding tissue. 26 To perform the model, rats were placed in a stereotaxic frame (Stoelting Co., Wood Dale, IL, USA) under sevoflurane anesthesia. A 1-cm-long midline incision was made in the scalp, beginning midway between the eyes and terminating behind the lambda. A cotton swab was used to clear away the soft tissue covering the skull. A Hamilton syringe (Hamilton, Reno, NV, USA; 10 μL) was filled with 1.5 μL of collagenase type VII (sterile-filtered, high purity; Sigma-Aldrich, St Louis, MO, USA) dissolved in saline (0.2 U/μL). The syringe was mounted onto the injection pump and the needle was positioned directly over the bregma. The x, y, and z axis coordinates were all set to zero. The needle was then positioned at the entry point, +0.6 mm anterior and − 2.9 mm lateral of the bregma to the right. A small cranial burr hole was drilled through the skull at the entry point. The needle was slowly inserted into the basal ganglia to a depth of 5.5 mm below the surface of the skull, and a volume of 1 μL collagenase was injected at a rate of 0.1 μL/min over 10 minutes. The needle was left in place for 10 minutes and then removed at a rate of 1 mm/min to prevent the reflux of collagenase and blood. The burr hole was filled with bone wax (Ethicon, Somerville, NJ, USA), and the scalp incision was closed. Sham control rats were injected with an equal volume of saline. The rats were placed in an animal box after surgery for recovering in a warm place with access to food.
Experimental Groups
To know the hematoma growth profile of the ICH model, the hemorrhagic volumes were determined by magnetic resonance imaging (MRI) at 1, 3, 5, and 8 hours and at 1, 3, 7, and 14 days after collagenase injection in a group of four animals.
Once the growth of hematoma was characterized in the ICH model, the protective effect of two blood glutamate grabbers was tested, oxaloacetate and human rGOT1 (human rGOT1 was provided by Professor David Mirelman from Weizmann Institute, Israel).
For this purpose, three ICH experimental groups were developed: (1) the ICH control group treated with saline (0.9% of NaCl) (n = 12); (2) the ICH group treated with an effective dose of oxaloacetate 3.5 mg/100 g (n = 8); and (3) the ICH group treated with an effective dose of rGOT1 12.88 μg/ 100 g (n = 8). Sample size was based on expected variances: α = 0.05 (confidence level: 95%) and β = 0.20 (power: 80%). Effective doses of treatments were selected based on our previous experience. 15, 17 Treatments and saline were administered intravenously (jugular vein) as a bolus injection, adjusting the dose to a final volume injection of 1 mL for all animals. Treatments were administered 1 hour after brain collagenase injection. Researchers were blinded to treatments, and treatments were randomized.
Based on the hematoma growth profile study, we selected the critical time points of the hemorrhage growth, and volumes were determined in the three experimental groups at 1 hour (before treatment administration), 3 hours, 24 hours and 7 and 14 days after hemorrhage induction. Animals without hemorrhage, with small hemorrhage, or with hemorrhage located far from the basal ganglia were excluded from the study before treatment administration.
Neurologic deficit was analyzed by means of Bederson and Wahl scales in basal conditions (1 day before surgery) and 5 hours, 24 hours and 7 and 14 days after hemorrhage onset.
Blood glutamate levels and blood GOT activity were determined before surgery (basal conditions) and at 1 hour and 3 hours after collagenase injection.
Hemorrhage Volume Analysis
Lesion size and hematoma growth were assessed by means of MRI. The MRI studies were conducted on a 9.4-T horizontal bore magnet (BrukerBioSpin, Ettligen, Germany) with 20 cm wide actively shielded gradient coils (440 mT/m). Radiofrequency transmission was achieved with a birdcage volume resonator; signal was detected using a four-element surface coil, positioned over the head of the animal, which was fixed with a teeth bar, earplugs, and adhesive tape. Transmission and reception coils were actively decoupled from each other. Gradient-echo pilot scans were performed at the beginning of each imaging session for accurate positioning of the animal inside the magnet bore.
T2-weighted images were acquired using a RARE-VTR sequence with the following acquisition parameters: echo time = 9.5 ms, 8 echos, rare factor = 2, repetition time = 3 seconds, number of averages = 2, field-ofview = 19.2 × 19.2 mm 2 , image matrix = 192 × 192 (isotropic in-plane resolution of 0.1 mm/pixel × 0.1 mm/pixel), and 18 consecutive slices of 0.5 mm thickness.
T2*-weighted images were acquired using a MGE sequence with 8 echos, first echo time = 3.13 ms, echo epacing = 3.38 ms, repetition time = 1.4 seconds, number of averages = 2, and the same geometry parameters as that of T2-weighted images (field-of-view, image matrix, number of slices and thickness).
Magnetic Resonance Imaging Analysis
All images were processed using ImageJ (RasbandWS, ImageJ, NIH, http:// rsb.info.nih.gov/ij). Hematoma size was manually measured in T2-weighted images. Researchers were blinded to image analysis.
Determination of Blood Glutamate Concentration
Blood samples were collected from the tail vein, centrifuged at 4°C 3,000 g for 7 minutes, and serum was immediately frozen and stored at − 80°C until glutamate analysis. Serum levels of glutamate were determined by highperformance liquid chromatography and a Waters AccQ•Tag kit following the manufacturer's technical specifications (Waters, Milford, MA, USA). Blood glutamate levels were determined before surgery and 1 hour (before treatment administration) and 3 hours after hemorrhage. Researchers were blinded to glutamate analysis.
Serum Glutamate Oxaloacetate Transaminase Activity Analysis
Blood GOT activity was determined by means of the Reflotron GOT (AST) test following the manufacturer's technical specifications (Roche, Basel, Switzerland). Blood GOT levels were determined before surgery and at 1 hour (before treatment administration) and 3 hours after hemorrhage. Researchers were blinded to GOT analysis.
Behavioral Tests
Evaluation of neurologic damage and motor deficits was measured by two complementary tests, Bederson and Wahl scales. 27, 28 Observers were blinded to the group analyzed.
In brief, the Bederson scale is a global neurologic assessment that was developed to measure neurologic impairments after stroke. Tests include forelimb flexion, resistance to lateral push, and circling behavior. A grading scale of 0 to 8 is used to assess behavioral deficits after cerebral damage. 27 Zero value represents an animal without neurologic deficit and 8 represents an animal with high neurologic deficit.
In the Wahl scale, neurologic status was rated for the following items: equilibrium: on a horizontal bar and an inclined plane; grasping reflex in which observation of the four paws allowed for separate scoring of the contralateral and ipsilateral (i.e., occlusion) sides; righting reflexes: 'head tilted', 'on back', and 'dropped'; placing reactions: visual and 'leg hanging' in which observation of the four paws allowed for separate scoring of the contralateral and ipsilateral sides; and motility: spontaneous and circling behavior. 28 In this test, a grading scale of 0 to 8 was used to assess behavioral deficits: 0 value represents an animal with high neurologic deficit, and 8 represents an animal without neurologic deficit.
Behavioral tests were performed during the light cycle of animal housing, with environmental conditions consistently maintained across examinations. Neurologic tests were performed 1 day before surgery and 5 hours, 24 hours, 7 days, and 14 days after onset of the hemorrhagic lesion. Researchers were blinded to behavioral analysis.
Statistical Analysis
Results were expressed as mean ± s.e.m. Behavioral data were indicated as median ± s.e.m. Statistical analyses were performed using one-way ANOVA followed by a Bonferroni post hoc analysis to determine differences between groups and differences with respect to basal levels. A P-value o0.05 was considered statistically significant. The statistical analysis was conducted using PASW Statistics 18 for Mac (SPSS Inc., Chicago, CA, USA). Researchers were blinded to statistical analysis.
RESULTS

Hematoma Growth Profile in Intracerebral Hemorrhage Model
To determine the evolution of hematoma growth in the ICH model induced through intraparenchymal injection of collagenase, hematoma volume was determined at different time points over a 14-day follow-up period. Figure 1 shows that collagenase injection induces an immediate (1 hour after enzyme injection) hemorrhagic lesion of 21.74 ± 2.20 mm 3 . Maximum hematoma volume was achieved at 5 hours (69.94 ± 7.12 ± 16.50 mm 3 ) and volume stabilized 3 days later. No significant differences were observed in hematoma volume between 5 hours and 3 days (69.94 ± 7.12 versus 61.53 ± 16.26 mm 3 , P40.05). After 3 days, hematoma reduced until 23.72 ± 7.60 mm 3 at day 7 (P o 0.05 with respect to the third day), followed by a hemorrhagic residual volume at day 14 (9.65 ± 5.87 mm 3 ). Because of the blooming effect in T2*-weighted images due to bleeding, the MRI analysis of hematoma was performed by measuring the extension of the lesion in T2-weighted images (Figure 2) .
Based on the hematoma growth profile, we selected 1 hour (before treatment), 3 hours, 24 hours, 7 days and 14 days as representative time points of the hematoma evolution to determine whether the treatments tested had any effect on the hemorrhagic damage.
The sham group did not show a hemorrhagic lesion, further than the track injection damage caused by the needle (data not shown).
Effect of Blood Glutamate Grabbers on Hemorrhagic Volume
To determine the effect of the reduction of blood glutamate levels on hematoma growth, we used two glutamate grabbers, oxaloacetate and rGOT1, at the same effective dose previously tested in our stroke models (3.5 mg/100 g and rGOT1 12.88 μg/ 100 g, respectively). Saline administration was used in the control group. Analysis of hematoma growth in the control group over 14 days showed the same profile as that of animals whose hematoma evolution had been previously determined. The hemorrhagic volume increased until 24 hours after surgery and decreased 6 days later, with a residual hemorrhagic volume at 14 days (Figure 3 ). Administration of oxaloacetate 3.5 mg/100 g at 1 hour after hemorrhage onset did not modify the hematoma growth curve profile with respect to the control group (P40.05). (B) Hemorrhagic volume was determined at 1, 3, 5, and 8 hours and 1, 3, 7, and 14 days after collagenase injection (n = 4). Data are shown as mean ± s.e.m. Statistical evaluation of the results was performed using one-way ANOVA to determine differences with respect to initial damage. **Po0.01 with respect to hemorrhagic volume at 1 hour after collagenase injection.
To validate these results, rGOT1 was proved in a second set of animals. Because the maximum increase in hemorrhage was achieved at 24 hours, in this group, analysis at 3 hours was not measured. Administration of rGOT1 confirmed the previous results seen with oxaloacetate, non-effect on hemorrhagic growth. Hemorrhagic volume measured 1 hour after enzyme injection (before treatment administration) was similar in all groups (P40.05), which indicates that all treated animals were subjected to the same hemorrhagic damage. Four animals were excluded before treatment administration: three animals due to small hemorrhage (volumes o 10 mm 3 ) and one because hemorrhage was not located in the basal ganglia. Only one animal died 3 days after treatment administration (oxaloacetate). One extra animal was included in the oxaloacetate group to complete a total number of n = 8. Excluded animals were not recorded in any of the groups after treatment administration (saline, oxaloacetate, or rGOT).
Effect of Blood Glutamate Grabbers on Neurologic Deficit Caused by Intracerebral Hemorrhage
To determine whether the administration of blood glutamate grabbers could induce any effect on the neurologic deficit caused by the hemorrhagic lesion, the Bederson scale and the Wahl test were performed at 1 day before surgery and at 5 hours, 24 hours, 7 days and 14 days after appearance of the hemorrhagic lesion. Neurologic evolution in the control group showed that the hemorrhagic lesion caused a significant deficit (P o 0.05) 5 hours after brain lesion and persisted at least for a further 24 hours, as seen in Figures 4A and 4B . Neurologic deficit recovery appears at day 7; however, at day 14 there still existed a significant deficit as detected by the Bederson scale ( Figure 4A) , possibly caused by the residual hemorrhagic lesion (Figure 3 ). Of note, in both behavioral analyses, neurologic deficit progression matched the hematoma growth evolution. In line with the hematoma volume results, oxaloacetate treatment did not alter either of the behavioral analyses in comparison with the control group (P40.05). Again, to confirm the oxalocatate results on neurologic deficit, the Bederson scale was performed in the rGOT group in basal conditions and 24 hours, 7 days, and 24 days after hemorrhage onset (the analysis after 5 hours was not included). Results showed that, similar to oxalocatate, rGOT also did not improve the hemorrhagic neurologic deficit (P40.05).
Analysis of Blood Glutamate and Glutamate Oxaloacetate Transaminase Levels in Intracerebral Hemorrhage-Treated Animals
To determine whether both treatments were able to induce a significant reduction in blood glutamate levels, the levels were measured before surgery, to know the basal concentration, 1 hour after hemorrhage (before treatment administration), and 2 hours later. Figure 5A shows that, while in the control group appears a significant (P o0.05) increase of blood glutamate 3 hours after hemorrhage onset, in the treated groups it was observed a significant (P o0.05) reduction of glutamate respect to the basal levels. In line with our previous ischemic studies, 15, 17 these results therefore confirm the efficacy of the treatments in decreasing the blood glutamate concentration.
The GOT levels in blood were measured in all groups, before surgery (basal levels), 1 hour after hemorrhage (before treatment administration), and 2 hours later. In the control and oxaloacetate groups, hemorrhagic damage did not alter the blood GOT levels with respect to basal conditions (average: 90 ± 5 U/L). In the rGOT1 group, treatment administration induced a significant (P o0.05) increase in GOT activity 2 hours after administration (269.62 ± 65.67 U/L) with respect to the basal state (85.58 ± 25.24 U/L). These data, in agreement with our previous reports, 17 confirm that a dose of rGOT1 12.88 μg/100 g induces a significant increase in endogenous blood GOT levels.
DISCUSSION
Intracerebral hemorrhage is understood as a dynamic and serial process in which early hematoma is followed by a combination of molecular pathways such as glutamate excitotoxicity, inflammation, brain-blood barrier breakdown, and development of vasogenic edema, which contribute to the growth of the hemorrhagic lesion. 9, 29 The critical role of glutamate in ICH outcome has led to the use of different types of glutamate antagonists (mainly NMDA antagonist) as potential treatments against hematoma lesions after hemorrhage. In this regard, drugs such as MK801 or memantine have showed positive results in animal models of ICH when hematoma volume and brain edema are analyzed. 8, 11, 12 However, the continuous failure, as well as the adverse effects observed with these drugs in stroke clinical trials, has made other alternatives different from glutamate antagonists preferable for reducing the effect of glutamate excitotoxicity. 30 Figure 2 . Analysis of hemorrhagic lesion at 7 hours and 7 days after hemorrhage onset by means of T2 and T2*-weighted magnetic resonance imaging (MRI). Blooming effect enhances the hypointensity of T2* images (indicated as continous white arrow) in relation to T2 images (indicated as discontinous white arrow). T2-weighted MRI images were chosen to determine the hemorrhagic volume.
Mainly focused on ischemic stroke pathology, we have described that a reduction in blood glutamate concentration can induce a lowering of brain glutamate with significant protective effects after ischemic insults. 14, 15, 17, 31 This novel mechanism has also been validated for other independent laboratories with similar results. 16, 32, 33 However, despite the beneficial effect observed in ischemic stroke models and other neurologic disorder animal models, in this study, administration of two of the most efficient blood glutamate grabbers used (oxaloacetate or rGOT1) was not able to reduce hematoma lesion or improve the neurologic outcome in animals subjected to an ICH. Reduction of blood glutamate levels showed that both drugs had indeed an effect on lowering blood and subsequently brain glutamate levels.
It could be tentative to speculate that brain glutamate levels were not evaluated in this study and therefore we cannot guarantee that brain glutamate was reduced in our ICH model after treatment administration. In previous experimental studies, again in the stroke model, to confirm that the protective effect observed was mediated throughout a decrease in brain glutamate, we analyzed cerebral glutamate levels by means of noninvasive magnetic resonance spectroscopy in the infarct region. Spectroscopic analysis revealed that the increase in brain glutamate seen in control animals after cerebral artery occlusion was significantly reduced in animals treated with both treatments, oxaloacetate 15 and rGOT1. 17 This finding provided the evidence on the efficacy of both drugs to act on the brain glutamate. However, brain glutamate determination could not be performed by magnetic resonance spectroscopy in the ICH model because of the presence of blood in the hemorrhagic lesion, which produces inhomogeneity effects that interfere with glutamate peaks in the spectroscopy analysis. Therefore, the present results seem to suggest that blood glutamate grabbing is an efficient strategy in ischemic stroke, but not a therapeutic option against ICH.
Although the mechanisms are different, the protective effect reported previously regarding glutamate antagonists in ICH models is not contradictory with our results. Glutamate antagonists (such as MK801 or memantine) induce a block of NMDA receptors, which leads to an inhibition of NMDA receptor signaling and multiple downstream molecular pathways involved in hemorrhage pathology. 34 In case of blood glutamate grabbers, they have a systemic effect based on the reduction of glutamate levels but Effect of blood glutamate grabbers on neurologic damage caused by intracerebral hemorrhage (ICH). Saline treatments (n = 12), oxaloacetate 3.5 μg/100 g (n = 8), and recombinant glutamate oxaloacetate transaminase 1 (rGOT1) 12.88 μg/100 g (n = 8) were administered 1 hour after hemorrhage onset (indicated by the arrow). Neurologic deficit was evaluated by means of the Bederson scale (A) and the Wahl test (B). Neurologic tests were performed 1 day before surgery and 5 hours, 24 hours, 7 days, and 14 days after appearance of the hemorrhagic lesion. In the rGOT1-treated group (used to validate oxaloacetate results) Bederson test at 5 hours was not performed and the Wahl test was not included in the study. Data are shown as mean ± s.e.m. Statistical evaluation of the results was performed using one-way ANOVA followed by a Bonferroni post hoc analysis to determine differences between groups and differences with respect to basal levels. *P o0.05 with respect to baseline values.
they do not act on glutamate receptors like antagonists do; therefore, it is possible that complete inhibition of several molecular pathways involved in NMDA receptor signaling is needed to achieve significant protective effect. By contrast, the fact that glutamate grabbers do not interact with neuronal ionotropic glutamate receptors also avoids problems of toxicity described for glutamate antagonists.
However, hematoma expansion is considered one of the main physiologic complications associated with poor outcome in ICH. 29 Although the precise mechanisms involved in the deleterious effect of early hematoma growth during the acute phase are also poorly understood, matrix metalloproteinase overexpression, breakdown of the brain-blood barrier, and intracranial pressure are proposed as important processes associated with early hematoma damage higher than other secondary mechanisms such as glutamate toxicity. 29, 35 In fact, glutamate release is transiently accumulated in the perihematoma region due to hematoma expansion, and minimal invasive surgery for removal of intracerebral hematoma and pressure are able to reduce the glutamate content significantly. 36 In this line, we dare to hypothesize that glutamate release could be considered an epiphenomenon of ICH, involved in neuronal damage, although with a less important role than other molecular mechanisms, such as brain-blood barrier breakdown or intracranial pressure. This hypothesis is also in agreement with a recent report from our group 35 wherein we described in a clinical observational study that the association between hyperthermia and poor outcome in ICH seems to be mainly mediated by active matrix metalloproteinase-9 (a biomarker of brain-blood barrier breakdown) and the baseline neurologic deficit, but not by an increase in glutamate levels as occurs in ischemic stroke. In brief, the fact that glutamate could act as a secondary mechanism of the ICH could explain, in part, the noneffect of glutamate grabbers observed in our study as well.
In addition, we have suggested that, in ischemic stroke, blood glutamate grabbers could be administrated immediately as an ambulatory treatment in case of suspected ischemic stroke, without previous computerized tomography scan, because adverse effects in case of hemorrhagic stroke could be discarded. 17 Therefore, the lack of effect of blood glutamate grabbers in the ICH herein described confirms our previous indications and guarantees the safety of these drugs.
In conclusion, despite the well-demonstrated beneficial effect of blood glutamate grabbers against glutamate excitotoxicity, in the present experimental study we have shown that this novel therapeutic strategy seems to be ineffective in case of ICH pathology. However, these findings allow us to suggest that blood glutamate grabbers can be given as early as possible, without neuroimaging, in cases of suspected stroke without risk in case of hemorrhagic stroke.
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